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OBJECTIVE — To examine whether patterns in socioeconomic characteristics in Chicago
over a 30-year period are associated with neighborhood distribution of youth diabetes risk.
RESEARCH DESIGN AND METHODS — Incident cases of diabetes in youth aged
0–17 years were identiﬁed from the Chicago Childhood Diabetes Registry between 1994 and
2003. Those with a type 2 diabetes–like clinical course or related indicators were classiﬁed as
non–type 1 diabetic; the remaining cases were considered to have type 1 diabetes.
RESULTS — Compared with stable diversity neighborhoods, signiﬁcant associations for type
1 diabetes were found for younger children residing in emerging low-income neighborhoods
(relative risk 0.56 [95% CI 0.36–0.90]) and older children residing in emerging high-income
neighborhoods (1.52 [1.17–1.98]). For non–type 1 diabetes, older youth residing in desertiﬁ-
cation neighborhoods were at increased risk (1.47 [1.09–1.99]).
CONCLUSIONS — Neighborhood socioeconomic characteristics in Chicago may be asso-
ciated with the risk of diabetes in youth.
Diabetes Care 33:1065–1068, 2010
I
n recent years, type 1 and type 2 di-
abetes have been on the rise in chil-
dren and adolescents globally (1–5).
As the increases in incidence and prev-
alence of youth diabetes have occurred
over a short period of time, genetic fac-
tors are unlikely to be solely implicated
(1,4,6). Rather, there is growing evi-
dence that social and physical environ-
ments inﬂuence behavioral and
immunologicfactorsassociatedwithin-
creased type 1 and type 2 diabetes mor-
bidity in youth (7–9). This study
explores environmental inﬂuences on
both type 1 and type 2 diabetes risk in
youth using a longitudinal measure of
neighborhood socioeconomic context.
RESEARCH DESIGN AND
METHODS
Case identiﬁcation procedures
TheChicagoChildhoodDiabetesRegistry
is a city-wide registry of cases of diabetes
in youth aged 0–17 years in Chicago, Il-
linois.Youthincludedintheregistrymeet
the following criteria: 1) diagnosis of dia-
betes based on ICD-9 codes 250.00–
250.91, 2) diagnosis on or after 1 January
1985, and 3) diabetes not secondary to
another condition. Youth are classiﬁed as
non–type1diabeticiftherewasadiagno-
sis or other evidence of type 2 diabetes,
such as type 2 diabetes–like clinical
course, treatment with pills or no medi-
cations, obesity at diagnosis, polycystic
ovary syndrome, or acanthosis nigricans
(10). Over the study period (1 January
1994 through 31 December 2003), 1,252
patients, representing 92% of registered
cases, had complete address and ethnic
identity information to be included in the
current analysis.
Neighborhood socioeconomic
characteristics
An income diversity index, developed by
the Metro Chicago Information Center,
was used to contextualize neighborhood
socioeconomic characteristics. House-
hold income data collected from the U.S.
Census between 1970 and 2000 were
used to categorize neighborhoods as sta-
ble diversity, emerging low income,
emerging high income, desertiﬁcation,
and emerging bipolarity (11). Brieﬂy, sta-
ble-diversity neighborhoods consist of 19
neighborhoodsthathavemaintainedaso-
cioeconomically diverse population be-
tween 1970 and 2000. Emerging low-
income neighborhoods (n  11) have
experienced a loss of high-income fami-
lies, while the reverse has occurred with
emerging high-income neighborhoods
(n  21), where the majority of low-
income families has decreased. Desertiﬁ-
cation neighborhoods (n  11) show
patterns of entrenched levels of poverty
with a predominantly African American
population. Finally, emerging bipolarity
neighborhoods(n15)showanincrease
in both high- and low-income residents.
Analyses
Year 2000 census counts of children aged
0–17foreachofChicago’s77community
areas (i.e., neighborhoods) were used to
provide denominators for calculating in-
cidence rates. Stable-diversity neighbor-
hoods were used as the referent group for
Poisson regression analyses using SAS re-
lease 8.02 (SAS Institute, Cary, NC).
RESULTS
Sex
Compared with stable-diversity neigh-
borhoods, signiﬁcant associations for
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jects in emerging low-income neighbor-
hoods (relative risk 0.45 [95% CI 0.32–
0.64]) and emerging high-income
neighborhoods (0.75 [0.57–0.99]). For
female subjects, emerging low-income,
emerging bipolarity, and emerging high-
income neighborhoods were found to be
protective (0.61 [0.45–0.84]; 0.74
[0.55–0.99]; 0.71 [0.53–0.95]) for type
1 diabetes (Table 1). For non–type 1 dia-
betes, male subjects residing in emerging
low-income neighborhoods were at 38%
lower risk (0.62 [0.39–0.99]) (Table 1).
Age-group
Children aged 0–9 years residing in
emerging low-income neighborhoods
were at 44% lower risk (0.56 [95% CI
0.36–0.90]) for type 1 diabetes com-
pared with children in stable-diversity
neighborhoods. Youth aged 10–17 years
residing in desertiﬁcation (1.38 [1.02–
1.87]) and emerging high-income neigh-
borhoods (1.52 [1.17–1.98]), however,
wereathigherriskfortype1diabetes(Ta-
ble 1). For older youth residing in deser-
tiﬁcation neighborhoods, there was also
higher risk for non–type 1 diabetes (1.47
[1.09–1.99]) compared with those from
stable-diversity neighborhoods.
Race/ethnicity
Hispanic youth residing in emerging bi-
polarity neighborhoods had increased
risk for both type 1 diabetes (relative risk
1.78 [95% CI 1.78–2.73]) and non–type
1 diabetes (2.15 [1.23–3.77]) (Table 1).
Hispanics residing in emerging high-
income neighborhoods were also found
to have higher risk for non–type 1 diabe-
tes (2.05 [1.15–3.67]). However, in
emerging low-income neighborhoods,
only non-Hispanic white youth were at
higher risk for both type 1 diabetes (2.00
[1.07–3.74]) and non–type 1 diabetes
(3.09 [1.07–8.89]) compared with youth
in stable-diversity neighborhoods.
CONCLUSIONS — Our results sug-
gest that neighborhood socioeconomic
characteristics in Chicago may be associ-
ated with the geographic distribution of
diabetes risk in youth. The association
found between the social environment
and diabetes risk in youth is consistent
with previous ﬁndings by Gopinath et al.
(8), who found increased risk for type 1
diabetes in both socioeconomically stable
andsocioeconomicallydeprivedareas.As
our designation of non–type 1 diabetes is
more apt to reﬂect type 2 diabetes, our
Table 1—Results of Poisson regression by sex, age, and ethnicity
Category Relative risk (95% CI)
Sex
Type 1 diabetes
Male (n  387)
Desertiﬁcation 0.89 (0.63–1.26)
Emerging low income 0.45 (0.32–0.64)*
Emerging bipolarity 0.70 (0.53–0.93)†
Emerging high income 0.75 (0.57–0.99)†
Female (n  378)
Desertiﬁcation 0.99 (0.68–1.42)
Emerging low income 0.61 (0.45–0.84)*
Emerging bipolarity 0.74 (0.55–0.99)†
Emerging high income 0.71 (0.53–0.95)†
Non–type 1 diabetes
Male (n  190)
Desertiﬁcation 1.06 (0.67–1.70)
Emerging low income 0.65 (0.41–1.03)‡
Emerging bipolarity 0.75 (0.49–1.14)
Emerging high income 0.62 (0.39–0.99)†
Female (n  297)
Desertiﬁcation 1.24 (0.83–1.85)
Emerging low income 0.76 (0.51–1.15)
Emerging bipolarity 1.08 (0.75–1.54)
Emerging high income 0.97 (0.68–1.39)
Age
Type 1 diabetes
Age 0–9 years (n  386)
Desertiﬁcation 1.14 (0.67–1.97)
Emerging low income 0.56 (0.36–0.90)†
Emerging bipolarity 0.94 (0.67–1.32)
Emerging high income 1.23 (0.91–1.68)
Age 10–17 years (n  379)
Desertiﬁcation 1.38 (1.02–1.87)†
Emerging low income 0.93 (0.71–1.24)
Emerging bipolarity 1.07 (0.82–1.39)
Emerging high income 1.52 (1.17–1.98)*
Non–type 1 diabetes
Age 0–9 years (n  56)
Desertiﬁcation 1.90 (0.66–5.48)
Emerging low income 0.68 (0.19–2.43)
Emerging bipolarity 1.02 (0.38–2.76)
Emerging high income 2.18 (0.66–7.14)
Age 10–17 years (n  431)
Desertiﬁcation 1.47 (1.09–1.99)†
Emerging low income 1.01 (0.75–1.35)
Emerging bipolarity 1.18 (0.91–1.54)
Emerging high income 1.28 (0.96–1.71)‡
Ethnicity
Type 1 diabetes
Black (n  361)
Desertiﬁcation 1.02 (0.75–1.38)
Emerging low income 0.94 (0.62–1.42)
Emerging bipolarity 0.90 (0.66–1.21)
Emerging high income 1.37 (0.98–1.92)‡
Hispanic (n  220)
Emerging low income 1.02 (0.68–1.52)
Emerging bipolarity 1.78 (1.17–2.73)*
Emerging high income 1.37 (0.91–2.08)
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high-income neighborhoods were at
lower risk is consistent with adult type 2
diabetes studies (12). However, the risk
for type 1 diabetes was also increased for
youth aged 10–17 years in desertiﬁcation
neighborhoods, which are primarily Afri-
canAmerican,aswellasforolderyouthin
high-income locales.
To our knowledge, this is one of the
ﬁrst population-based studies to examine
the association between socioeconomic
characteristics of neighborhoods across
the spectrum of diabetes phenotypes in
U.S. youth. Additionally, while most
studies examining environmental inﬂu-
ences on health use cross-sectional mea-
sures of neighborhood context, this study
utilized a measure that accounted for 30
years of socioeconomic change in the city
of Chicago.
Our study, however, has several lim-
itations. First, cases were ascertained
fromthemedicalrecordsofnumerousin-
stitutions with varying standards for re-
porting clinical details, allowing possible
inconsistencies in assigning phenotype.
Second, subgroup analyses by age, eth-
nicity, and sex using the income diversity
index resulted in small cells in some in-
stances, thus increasing the possibility of
type II error. Third, the lack of additional
individual-level and neighborhood-level
covariates may have limited our ability to
fully explain variations between neigh-
borhood social environments and youth
diabetes risk.
Our study suggests that neighbor-
hood social environment may inﬂuence
diabetes risk in youth. The hygiene hy-
pothesis proposes, for example, that
children residing in impoverished
circumstances may have earlier exposure
to pathogens that promote immunologi-
cal maturation, resulting in protection
against type 1 diabetes and other autoim-
mune diseases (13). In contrast, youth re-
siding in afﬂuent neighborhoods may be
at lower risk for type 2 diabetes due to
better opportunities for behaviors that re-
duce obesity risk and subsequent insulin
resistance (14). The evidence to support
these hypotheses, however, remains
equivocal.
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